A series of experiments evaluated the influences of gender and age, the direction of crop extraction on the maximum load required for manual removal of the crop, and the resulting incidence of crops being removed intact. Male and female broilers at 5, 6, 7, and 8 wk of age were electrically stunned, bled, scalded, and defeathered prior to removal of the crop through the thoracic inlet toward the vent or avoiding the thoracic inlet by removal toward the head (n = 16 per gender, age, and direction). The maximum load required to remove the crop increased with age and body weight but at a slower rate than body weight. Values for males were 21% higher than those for females over the 4-wk period. When maximum load was adjusted by weight at slaughter, the gender difference was no longer significant. The maximum load required to extract the crop toward the head was 16% less than through the thoracic inlet. This difference was present for male and female broilers at each age sampled. Correlations between live weight and maximum load were higher for crops pulled through the thoracic inlet (r = 0.78) than for those removed toward the head (r = 0.57) and also were higher for crops removed intact (r = 0.84) than for those crops that broke (r = 0.66). Over the 5-to-8-wk period the incidence of crops removed intact that were pulled through the thoracic inlet was 69% for females and 59% for males, compared to significantly higher incidences of intact crop removal obtained for crops removed toward the head, which were 92% for females and 98% for males. These results suggest that the maximum load to extract the crop increases at a slower rate than live weight for both female and male broilers from 5 to 8 wk of age.
DESCRIPTION OF PROBLEM
During our previous experiments [1, 2] that evaluated manual techniques for the removal of the crop from broiler carcasses, we assumed that males would require a greater load than females and that extraction load would increase with age. Both of these assumptions were attributed to body weight, and, therefore, our previous experiments were restricted to using only males at 6 wk of age. However, the load requirements for crop removal during evisceration of male and female broilers at processing ages from 5 to 8 wk may not be linearly proportional to body weight but may follow the principal of elastic similarity (changing at a faster or slower rate than body weight). In addition, if male and female carcasses differ in the load requirements to extract the crop, experiments that are restricted to one gender for evaluating the incidence of crop rupture may not be accurately extrapolated to the opposite gender. Alternatively, if maximum load is truly linearly proportional to body weight, then data could be conveniently collected and compared over a wide range of body weights for male or female broilers.
Breast muscle mass of modern commercial broilers increases with age at a greater rate than carcass weight, as an example of elastic similarity [3] . This increase in breast muscle mass, accompanied with the postmortem increase in muscle thickness associated with the onset of rigor-mortis, may restrict the thoracic inlet and passage of the crop during evisceration, especially in older and heavier broilers. To evaluate the degree of resistance associated with removal of the crop through the thoracic inlet, the crop was also extracted toward the head (avoiding the thoracic inlet). This report describes a series of experiments designed to obtain the maximum load value during manual crop extraction as influenced by gender, age, and direction of extraction.
MATERIALS AND METHODS

BROILERS AND HOUSING
For each of two trials, broilers (Avian-Arbor Acre strain-cross) were obtained from the same houses, on the same local commercial farms (2 d prior to 5, 6, 7, and 8 wk of age), transported in plastic coops, and placed 24 per pen into 2.4-× 3-m floor pens. Broilers were provided a nonmedicated, corn-soybean meal-based, pelleted grower diet (3,200 kcal ME/kg, 19% CP) ad libitum. The evening before processing, feed was removed, but water remained for 4 h until catching. Broilers were placed into coops 8 h before processing and were held in a concrete hallway. Within 2 h of processing, cooped broilers were transported less than 2 km to the pilot plant at the research facility.
PROCESSING PROCEDURES
Broilers were removed from coops, leg bands applied, live weight recorded, and placed into coops with predetermined processing order. On each processing day, each treatment group (extraction direction toward the head or vent) comprised two batches of four male and female broilers that were processed, alternating order between treatment and gender, with systematic (block) rotation of treatments to minimize preprocessing holding time effects of up to 1 h [4]. Live weight was measured to assure assignment of male and female broilers of similar weights among treatments. Broilers were suspended in shackles by their feet and stunned with brine stunners set at 50 V AC (60 hz) in Trial 1 or 12 V pulsated DC (500 hz) in Trial 2. In Trial 1, broilers were bled by hand-severing of both carotid arteries and the right jugular vein. Trial 2 used a commercial stunning cabinet and automated bleeding knife (ventral cut severing both carotid arteries and the right jugular vein) [5] . All broilers were bled for 90 s, scalded at 56.7 C for 120 s in one section of a commercial scalder containing approximately 2,000 L of water, and defeathered using a single pass picker with five banks of picker fingers [6] for 30 s. After being defeathered, heads and feet were removed with hand shears.
MEASURING MAXIMUM LOAD DURING CROP EXTRACTION
The abdominal cavity was opened transversely sufficient for manual evisceration. Gender was confirmed by observation of gonad appearance. The heart was removed to permit placing two hemostats diagonally across the esophagus above the proventriculus, thereby avoiding the adjacent heart vessels. Each carcass was hung by the wings in a shackle suspended from a digital scale that was then tared. Both hemostats were then slowly pulled straight down toward the vent, until the crop was removed from the carcass or ruptured. The maximum load indicated by the scale was recorded [7] , and crop condition was categorized as intact or ruptured. Within each trial, all crops were extracted by the same researcher to ensure consistency of pull speed and direction.
To extract the crop toward the head, the neck skin was slit on the left side of the ventral midline from the neck-bleed cut to the base of the wishbone, exposing the thoracic inlet. Care was taken not to disrupt attachments to the crop on the right side of the neck. Within the thoracic inlet, the postcrop esophagus was located by blunt dissection and clamped diagonally with two adjacent hemostats. The esophagus was then severed above the proventriculus within the thoracic cavity (at the site of clamping for removal toward the vent). Each broiler was hung by the hocks in a shackle suspended from a digital scale that was then tared. Both hemostats were then slowly pulled straight down, until the crop was extracted from the carcass or ruptured. Maximum load during extraction and crop condition was recorded.
STATISTICAL ANALYSIS
Live weight and maximum load data were analyzed with the general linear models procedure of SAS [8] , and the percentage of intact and ruptured crops was analyzed by the chisquared test procedure. Sources of variation in the model included the main effects: age, gender, direction of crop extraction, and trial. There were no significant interactions among the two trials and main effects; therefore, data from trials were combined. Live weight was consistently greater for males than females. Therefore, maximum load value was divided by live weight to adjust for individual variation in weight. For all analyses, significance was determined at P < 0.05 unless otherwise noted. Means were separated using the Tukey's studentized range (HSD) test [8] . There were eight broilers per treatment per trial, resulting in a total n = 16. Pearson productmoment correlation coefficients [8] were determined between live weight and maximum load for both male and female broilers separately and combined.
RESULTS AND DISCUSSION
GENDER, AGE, AND DIRECTION OF EXTRACTION
After 12 h of feed withdrawal, live weight was consistently greater (18%) for males than females for all ages tested (P < 0.0001; Tables 1 to 4). Preslaughter distribution of broilers into coops by weight assured that live weight would be similar between the two crop extraction treatment groups. Broilers obtained for Trial 1 were 71 g heavier, 2.014 kg verses 1.942 kg, than those used in Trial 2.
The direction that the crop was extracted, through the thoracic inlet toward the vent or toward the head, significantly influenced maximum load and the incidence of intact crops removed during the 4 wk (P < 0.0001). However, within sample age, only at 7 wk for males and 8 wk for males and females was a significantly lower load detected for crops extracted toward the head. Maximum load for crops extracted through the thoracic inlet intact was significantly greater for males than females at all four ages. In contrast, the maximum load for crops extracted toward the head intact differed significantly between males and females only at 8 wk of age (Table 4) . Over the 4-wk sample period, crops removed intact (3.315 kg) had a 6% lower maximum load than those crops that ruptured (3.520 kg) upon removal (P < 0.0195). Only for males at 6 wk was this difference significant within a weekly sample period (Table 2) .
When maximum load was adjusted by live weight, there were no differences between males and females at 5, 6, 7, or 8 wk of age for crops extracted toward the vent that were removed intact or ruptured (Tables 1 to 4) . Only for males at 8 wk, from which the crop was extracted toward the head, were adjusted maximum loads greater than for females. Adjusted maximum load values for crops removed intact when extracted toward the head were lower than for those extracted through the thoracic inlet for males at 5 and 7 wk and for females at 6 and 8 wk.
Over the 4-wk period the incidence of crops removed intact that were extracted through the thoracic inlet was 69% for females and 59% for males, compared to significantly higher incidence of intact crop removal obtained for crops extracted toward the head, 92% for females and 98% for males. These results indicate that in addition to surface attachments to the crop, traveling through the thoracic inlet required additional load. Further more, the extremely high incidence of crops extracted intact (95%) when extracted toward the head indicates that alternative methodology for crop removal during automated commercial evisceration should be considered.
Correlation coefficients between live weight and maximum load were not significantly different for crops removed intact (r = 0.70) or for those that ruptured (r = 0.63). Correlations coefficients between live weight and maximum load for crops removed toward the vent (r = 0.78) were significantly greater than those for crops removed toward the head (r = 0.57). Similarly, correlations coefficients between live weight and maximum load for crops removed from males (r = 0.62) were significantly greater than those from females (r = 0.49). These results suggest that crops that ruptured during extraction, or that were pulled toward the head avoiding the thoracic inlet, and those from females were apparently influenced substantially by unknown factors in addition to live weight. 
CONCLUSIONS AND APPLICATIONS
1. Over the 4-wk sample period, significantly more crops were removed intact when pulled toward the head avoiding the thoracic inlet (95%; 122/128) compared to those extracted through the thoracic inlet (64%; 81/128). 2. Combined crop extraction load values for males and females over the 4-wk sample period were significantly lower for crops removed intact and toward the head (2.94 kg) than through the thoracic inlet (3.51 kg). 3. Maximum crop extraction load for males and females combined, for crops removed intact increased 54% with age, from 2.49 kg at 5 wk of age to 3.83 kg at 8 wk of age. 4. When maximum load was adjusted by live weight, however, combined for males and females, the value declined 44% at 5 wk of age to 1.73% and declined 188% at 8 wk of age to 1.33%. Therefore, the maximum load for crop extraction increases at a slower rate than body weight from 5 to 8 wk of age for male and female broilers. 5. Although body weight and maximum crop extraction load were greater for males than females, adjustment of crop extraction load by live weight resulted in comparable values for males and females from 5 to 8 wk of age for crops removed intact or broken through the thoracic inlet toward the vent.
